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从而提高了锡基材料的循环性能，在 100 mA/g 的电流密度下，第 50 圈时容量保
持在 620.6 mAh/g，保持率为首圈的 68.7%。 
2. 采用回流法制备了 SnO2/GNS 复合材料，通过 TG/DTA、XRD、SEM 和
TEM 等测试手段对材料进行的结构形貌表征，并考察了表面活性剂、石墨烯加
入量、回流温度和时间对 SnO2/GNS 复合材料的电化学性能影响。结果表明通过
回流法制备的 SnO2/GNS 复合材料为 SnO2 和 GNS 交替叠加的夹心状结构，从而
提高了 Li2O 的反应可逆性。这种结构的复合材料具有优异的循环性能和倍率性
能，SnO2 的活性物质利用率高，在 500 mA/g 电流密度下，194 圈时容量为 740 
mAh/g，保持率为首圈的 97.5 %。 
关键词：锂离子电池 负极材料 锡基材料 石墨烯 复合材料















Tin-based materials are considered as alternative anode materials for lithium ion 
batteries because of their safety, relatively high theoretical capacity (790mAh/g), high 
lithium packing density, and proper operating voltage. However, the commercial use 
of Sn-based anode materials are greatly hindered by their poor cyclability, which 
results from its severe volume changing during alloy/dealloy process. This work 
focuses on optimizing the particle sizes of Sn, fabricating SnO2/graphene composites 
to get well dispersed nano-sized Sn/graphene and SnO2/graphene structrures to 
improve the cyclic performance of Sn-based materials with the method of chemistry 
reduction and refluxing. The main contents are as follows: 
1. Sn/Graphene composites were synthesized via chemical reduction. They were 
generally characterized by XRD, SEM to understand the structure, morphology 
and were galvanostatically tested to evaluate influence of surfactants and different 
Tin amount on their electrochemistry performance. The results indicated that the 
Tin was uniformly dispersed on the surface of graphene with glycol as solvent, 
which improve the cyclibility of the Tin-based materials. During the 
electrochemical tests the composites exhibited a high discharge capacity of 620.6 
mAh g-1 and a capacity retention of 68.7 % after 50 cycles of 
charging-discharging tests at a high current density of 100 mA/g. 
2. SnO2/Graphene composites were prepared via a method of refluxing so that SnO2 
in situ grow on graphene. TG/DTA, XRD, SEM and TEM were used to 
understand the structure, morphology and fabrication process of the composites by 
research the influence of surfactants, graphene amount, reaction tempreture and 
reation time. The results indicated that the nanostructured SnO2  was uniformly 
dispersed on both sides of the graphene, leading to the graphene arranging layer 
by layer resulted in the improvement of the reversibility of Li2O, which 
effectively improved the cycle and rate performances of the SnO2 /graphene 














- III - 
composites and enhanced utilization of SnO2.  During the electrochemical tests 
the composites exhibited a high discharge capacity of 740 mAh g-1 and a capacity 
retention of 97.5 % after 194 cycles of charging-discharging tests at a high current 
density of 500 mA/g. 
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锂金属作为负极材料是 轻的金属原子 (密度ρ = 0.534 g cm–3)，同时也是
电极电位 负的金属（-3.04 V vs. SHE），其理论比容量可高达 3860 mAh/g。但









































LiAsF6 和如 LiCF3SO3、LiC(SOCF3)3 等有机锂盐。常用的有机溶剂包括：乙烯碳
酸酯（EC）、丙烯碳酸酯（PC）、碳酸二乙酯（DEC）、碳酸二甲酯（DMC）和

















































别，目前商品化的锂离子电池比能量可高达 200 Wh/kg，体积比能量也已接近 400 
Wh/L，大大高于目前已广泛使用的镍镉电池（55 Wh/kg）及镍氢电池（75~80 
Wh/kg）的比能量。 
2、可快速充放电，锂离子电池 1 C 充电时在容量可达标称容量的 80 %以上。 
3、循环稳定性好，不但 100 % DOD 充放电可达 900 次以上；而且采用浅深
度（30% DOD）充放电时，循环次数也超过了 5000 次。  
4、平均输出电压高（3.6-3.9 V），锂离子电池为 Ni-Cd、Ni-MH 电池的 3 倍。 
5、自放电率低。一般锂离子电池的自放电率低于每月 5 %，大大低于镍镉
电池的 25-30 %以及镍氢电池的 30-35 %。 
6、工作温度范围宽，可以在-30 ℃~45 ℃条件下使用，随着电解质和正极
的改进，期望能拓宽到-40 ℃~70 ℃，低温有可能进一步拓展到-60 ℃。 
7、无记忆效应。所以锂离子电池在开始充电时并不需要深度完全放电，方
便使用。 
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